Objective: We report a new technique in approaching the cavernous sinus through an occluded inferior petrosal sinus (IPS) using three-dimensional (3D) venography. Case presentation: A patient diagnosed with arteriovenous fistula of the right cavernous sinus underwent transvenous embolization. The IPS was not detectable on angiogram. Retrograde injection of contrast with 3D imaging of the internal jugular vein clearly demonstrated the remnant of the IPS. By referring to the images obtained, catheterization of the cavernous sinus by way of the IPS was performed without difficulties. Conclusion: Three-dimensional venography for detecting the entrance to the IPS is a useful method and easy to perform. We believe that this technique should be considered whenever the access to an occluded IPS is necessary.
Introduction
The standard treatment of cavernous sinus dural arteriovenous fistula (CSdAVF) is by way of the venous route. 1, 2 The most commonly used venous approach is through the ipsilateral inferior petrosal sinus (IPS). However, this route is occasionally thrombosed and there exists wide variation in the connection of the IPS to the internal jugular vein (IJV). 3 These factors make catheterization of the IPS difficult. To gain access to the occluded IPS, the usual method is to search for the entrance with the guide wire without any imaging guide. Phlebogram for identifying the remnant of the IPS is a useful method introduced previously, 4 but has its limits as the internal jugular vein may be over projecting on the IPS minute remnant making it difficult to identify. Here we describe a new technique to identify the entrance to the occluded IPS accurately using three-dimensional (3D) venography.
Materials, methods and results
A 64-year-old man presented with ocular symptoms and was diagnosed with CSdAVF. The drainage was exclusively anteriorly to the superior ophthalmic vein. The ipsilateral IPS was not detectable on the diagnostic angiogram neither from the shunt nor from the drainage of normal tissue (Figure 1 ). During the initial diagnostic angiogram, the 3D images of the vessels participating in the shunt were obtained. Transvenous embolization through the unopacified IPS was then planned. After introducing a 6 French guiding catheter (Roadmaster; Goodman, Aichi, Japan) into the right jugular vein, we performed a 3D rotational venography by injecting contrast into the guiding catheter. The injection rate was set to be 3.5 ml per second using non-ionic iodine contrast (Iomeron300, Eisai, Tokyo, Japan) with 5 second rotation angiography without subtraction (GE Innova GS630, GE Healthcare, Bucks, UK). The injection rate was determined by previous two-dimensional (2D) venography injection ( Figure 2 ) to be high enough to fill the venous structures retrogradely. The images were processed on the workstation (AW workstation, GE Healthcare, Bucks, UK) to show the VR image of the vein displayed with the bone image obtained from the mask image of previous rotational angiography by fusion and merging of the images (Figure 3 ). The entrance to the IPS was identified as an intracranial beak-like structure pointing Department of Neurosurgery, Tokai University, Kanagawa, Japan towards the cavernous sinus from the internal jugular vein. Another beak-like structure was identified adjacently but with the reference to the bone, this was found to be an extracranial structure being possibly the inferior petro-occipital vein. 5, 6 In this specific case, the venography obtained by the 2D method could not show the precise location of the IPS-IJV junction as they overlap. Furthermore, the common opening of the IPS and the inferior petro-occipital vein could only be identified precisely using the 3D images.
After having identified the remnant of the IPS, the 3D VR image was analysed to find the best working angle for entering the IPS. A 0.035-inch hydrophilic guidewire (Radifocus; Terumo, Tokyo, Japan) was gently inserted into this remnant with the help of 3D roadmap navigation. In this specific case, the entrance to the IPS was the common opening of the IPS and the petro-occipital vein ( Figure 3 ). The guide wire had to be manipulated so that it entered the common trunk and later on turned upwards to the direction of the occluded IPS ( Figure 4 ). After having correctly directed the guide wire, the wire smoothly reached the posterior part of the cavernous sinus. By using the coaxial technique, an intermediate 4 French catheter was advanced to rest against the orifice of the IPS. Another 2D roadmap was performed using the track of the removed guide wire. Referring to that roadmap information, a microcatheter (Neurodeo, Medico's Hirata, Osaka, Japan) was introduced into the same route without difficulties with the help of a 0.012 inch hydrophilic microguide wire (GT wire; Terumo, Tokyo, Japan). Contrast injection to the microcatheter confirmed the position of the tip of the microcatheter being in the cavernous sinus. The time of the procedure from the introduction of the 6 French catheter in the groin to the catheterization of the cavernous sinus by the microcatheter was 17 minutes including the time required to work on the workstation.
Embolization using electrodetachable platinum coils was performed in the usual manner with complete obliteration of the shunt.
Discussion
Transvenous embolization is considered to be the standard technique in the treatment of CSdAVF. 1, 2 However, in cases in which the IPS is not demonstrable on angiogram the approach can be difficult or even impossible. The rate of successful catheterization of an occluded IPS varies but is reported to be around 30-50%. 1, 7 This is due mostly to two reasons. The first is that there are great variations in the connection of the IPS to the IJV, 3, 8 making the entrance point for the catheter to the IPS inconstant. The second is that the visualization of the 'occluded' IPS is impossible resulting in blind manipulation. Alternative venous approaches through various routes have been described in the literature such as the superior petrosal sinus, 9 the pterygoid plexus, 10 the inferior petrooccipital vein, 6 the facial vein, contralateral cavernous sinus and direct surgical approach to the superior ophthalmic vein. 2, 7 But considering the length of the approach and the stability of the catheter, we believe that the IPS should still be considered as the first choice for approaching the cavernous sinus. However, blind manipulation is necessary and haemorrhagic complications caused by catheter manipulation through the IPS have been reported. 2, 11 Benndorf et al. 4 demonstrated a technique that utilized the venogram to find a notch or remnant of the IPS, and reported four successful cases of catheterization of the occluded IPS. Our approach utilized a similar technique but is new in the sense that the entrance to the IPS is more accurately outlined by the 3D image.
Anatomic variation of the IPS-IJV junction can make the prediction of the entrance for the microcatheter access difficult. Mitsuhashi et al. 3 reported instances of the opening of the IPS to the IJV at the jugular bulb to be as low as 1.2%. The extracranial IPS-IJV junction is more common at various levels and can be multiple. The incidence of having no connection of the IPS to the IJV described as type E and type F in their classification was 20.5%, higher than that reported earlier by Shiu et al. 8 as type 4 with an incidence of 7%. These studies were performed by different methods and may not be able to demonstrate all the venous connections in the area. Thus, apart from having wide variations, the IPS-IJV connection can be truly absent or secondarily thrombosed and occluded. Theoretically, if there is a remnant of the IPS connection to the IJV, passage of the microcatheter should be possible in most cases. The 3D image introduced here has an advantage over the previously described 2D method 4 in that more a precise location can be appreciated. Gentle manipulation of the wire and the microcatheter is the key to avoiding complications caused by perforation of the venous structure. We usually search for the entrance of the IPS using a hydrophilic 0.035 inch wire first. A 4 French catheter is then advanced until its tip reaches and stays inside the orifice of the IPS. If there is too much resistance in advancing the wire, we switch to using a microguide wire and a microcatheter.
The 3D images obtained by retrograde venography can be easily done in most angiosuites equipped with modern angiographic units. We found this technique useful and time saving in catheterizing IPS not demonstrable by conventional angiography techniques. Fusion image with the bone is especially helpful with the reference of the jugular foramen. The IPS, even though its orifice maybe located extracranially, passes through the jugular foramen to the cavernous sinus. With accurate information of the entrance to the IPS using this technique and gentle manipulation of the wire, catheterization through an occluded IPS should have more success with fewer complications. Although the 3D imaging requires more radiation exposure to the patient, the procedure time can be shortened dramatically resulting in a small, if any, increase in radiation dose in total. The new technique introduced here should be attempted routinely prior to approaching the cavernous sinus through an occluded IPS.
Conclusions
In CSdAVF cases with occluded IPS unidentifiable on angiograms, 3D venography can show the precise location and anatomy of the connection of the remnant of the IPS to the IJV. This should help to reduce the procedure time and to avoid unnecessary manipulation of the guide wire and the catheter leading hopefully to fewer complications. We believe that this technique should be performed prior to catheter navigation into an unseen IPS in every case wherever 3D imaging is available.
Funding
This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.
